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4... MOVABLE UNfT 

7„.SWrTCHING UNIT 

S... CONTROL UNIT 

6... DISPLACEMENT DETECTOR 

28...AD CONVERTER 

14. ..DISPLACEMENT DETECTION CONTROLLER 
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12...CONVERTER 

13... VOLTAGE INSTRUCTING UNIT 

11... TARGET DISPLACEMENT SETTING UNIT 

10...I/F UNfT 



(57) Abstract: While a drive signal is being given to a movable element (Ai) 
such as an electrostatic drive actuator to displace it, a displacement detector (6) 
delects the displacement. A calibration unit (15) self-calibrates the relation be- 
tween a drive signal and a displacement to thereby correct a change with time 
in actuator characteristics and an environmental change. A switching unit (7) 
selectively connects one displacement detection unit to a plurality of movable 
elements (Ai) so as to reduce a displacement detecting circuit. 
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m<*nx^z> 0 m&m^^-SDumib^-D^y hu^^^ 1 2 

5lCSx5n§, ^^hL/2?^^1 2 5/\CDmfffi^5=-^Di,jCD 

)HfitA^7-rstx ^-csi^^t/\-c. ^(Dqra^T-Aij+icD^ffijg 
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L/^:*S> 1 2 5ISg^lC^OS©qrDm ; ?Ai+1,1'-Ai+1,96<D5 : 
-^eatS'S. ^oTv ^y^l 2 6tt«962.5/zsjSSBTr^hD 
10 -^«^S t bSSdSCtCSO, CCD^62.5wstf qliDSit^Ai, 
1~Ai,96/\£D^KED»08#r^lC:^^-r§ o 

2 6ICHS3t$n^mffJi^5=-5'Di,1~Di,96Bx 96 
B(DD AD>A-# 1 2 7»(fcU7-r»?1 2 8 £D§A? Ccfc: 0 v g 
^M^AiJCDHXEMCBfiD^SffiMEElCSlftSnS. CCT? 
15 B°IS)m?Ai,1 IC^S^SD AD^/N*-^ 1 27 at7'-f 2 
8 a£®]IC£ oTSigj§3"€>#> ffe©9 5IS0DD ADVA'-^SW 
^ -f y t5 8 (D « & £ fig * § o 

27al3, 1 1 bitcD^ff I81*5=-r5> Di,1 CDTtt 
10bit£Aft 0-3 O V©ttBT!>8li&-rS*££<Z>iBl&«Eg 
20 tBt)-r§10bit(7)D A=l V/\*-^T:SSo 

*-f 2 8 ate. 1 1bit<D^l±Ji^7 I -^Di,1(D«±tLltr«/ 

D 1L sigift*t&c&«u asms try hi® b d 1r sda ziy/t—$ 

1 27 aCtB^C^tt^S. £/Cx aitits/KDitflSB^ 
25 KUUSfcTy h*SBD 1L SD AD>/\'-5 1 27 aCtBSCiiU 
HMSes/ hl8BD 1R «Jgitt*i£lK:iS«T3. cniCcfciO, DjSOIR 

36 



WO 2004/041710 



PCT/JP2003/014125 



qj m m ? s IE a m 75 (qiic m m m m t § c £ # oj m ic & s . 

COcfcolCx 9 6 2ir(D^TcDlgfJ)Jl try htt B D 1L , BD 1R lZx? 
ut> i^-r^i 2 8 7D^<7H\^n7>-75£jlJRUi:§D A=]>A• 
-5>1 2 7^6<DigiSSlE^epiQ^So 

i frS^igU^C- K^WDicD^SH t-TScfco^P L/^fl^A 
drills. iEDfflO- K*gWDi#H tSSt^ qfi&HI^Ai, 
1~Ai,96^^n^nigil)Stiv hliBD 1LN BD 1R> BD 1P t«M 

u g^^iaaciiSDycii^-^jiai^^^n-sctc^^c sac 

iJSBg UTccfcolC. '5Ilim?Ai,1-'Ai,96/\(DigD^E(DEDJ)0Bi^tt 
62.5/is-C^§„ -TDs qjiD A U<D-^±±JIj§)}j$i& IS70-10 

U * h LTtm, ^n^ncDf5(D qJltim? AM ~ Ai,96CpjTMcD 
fSIEl&ff KcDfi^O^rmCfto-^ li <D 1ft BJ £ I"} § , 

37 



WO 2004/041710 



PCT/JP2003/014125 



is, mnom±nm-&£[z&.z>^z> j £y hs^^ureg^tBiug 

U /c C •§> 0 

^JiJi^gU 1 3 OIS, 2^A>>*JU5dCDmEfg^fiig#g£U, c 

y*)b<Dihtl&DAZiyn-5>1 31 a, 131 blC%x§ 0 Cfl 
CJ;t9DA=)>/\"-5> 1 3 1 alStii£)^EV L +V A (1 +sin (27rf 
t) ) U, DADi/A-^ 1 3 1 blStii;b@EV R +V A ( 1 - 

sin (2;rft) ) £ti};dT§. msglCISC<DJSi!IV A , Jl;j£!!& f <D A C 

®JEJg^§M 3 OISS*65CISV A (Dii^-^CU/c^^, ill 
Ed:SSV L tV R (7)if5 6^-7D^O Vt U, te7D£*li&ig|5glC:^ 

*IEV A : gttl)0l//ctiJ&t&r>T35 s 9, DADVA-^I 3 1 a, 
1 3 1 b <D tti £)« IE IS m IC IE £> 

tDtoe^gc 1 3 2 is, mom^.mmmi 2 1 cdp kl/7§§a d 

r2l:SOIv tg j msomtiim^y hHBSj L , BSj R , BSjpS 

^n^no ad^a-sm 31 a, 1 31 b, g&}$tBS{5i 33c 

^y^zi-sm 20 is, ia«9@x$ijtaigi5i 21®?KU 

cmccfco, ^atj^tr»/ h^BSj L , BSj R , BSj P #^n^ 
n-mmm^AuKDmi mm* mzmm. 3-9\z&m<*n& c co 

UT, MR^njc 1 0(DqJfi)iSi?Ai,j(DBi!l $2M« 3- 

38 



WO 2004/041710 PCT/JP2003/014125 



i7^n?nDAD^A-5 1 3 1a. 131b, ^{il^tiJgM 3 

7 1 £IUe>T:35£>#. $Dia<(D^tj]iiii>I§§ 1 33 a CDM Atl C/W 
5 ?71EV A S«J)0U/cifi)<tUT(/\§„ cni;:<£»0, DAD>/\' 

-5131 T#^^/wp^sBEv A ^^if muTQimm?A\,i<Dm 

S&IEglM 34I3, SEfi^SBI 3 otfttjft-rs^mg^iitv ^ 

10 to&ttJgM 3 3^l±5tl^Sqja^?Ai,j(D^ttcD^tB^mtSAtl 

ix _t 0 o c as ex u /c v -r ^7 □ p ^ 3. x - 0 cd m w c o t ^ t % 

15 01 OS^HBOa^BKia-rs. H 1 Ott*St«BJi*lBIC33tt5 V-f 
2 □ TO 5 1 X - $ <D|£ lESftflUU - 5 1 y(D? □ - v - h T? £ § 0 
3:3% j = 1 tRSEL/ (7fsi^1 40) s #) t9 H X SB 1 3 2# 

sb j ?jecD^i±i^eiv h»BSj L , BSj R , b sjp^^n^enD a=] 

^A*-5M 31a> 131 b, ^IG^ttjgCI 3 3CgSt§ (^^ 
20 . «C, I =1 £i85EU CXxu/^j 42) , qJIMS 

?Ai,jSgtfmiiJ<Z>*$fcG:SJR"3"5. *EJ8^8P1 3 0B*ffil8^ 
ItD^e/JMiDmlnlCiftJE-rs (^5^:71 43) . CCDt^* IE 
U^lEV R , V l O7^S$BV r =0V, V L =3 0VlC»5££fU i®^ 
£DMV R -V u ttfi<gmEE (-3 0V) £&3o MQ8<D$IW\Z33[,\T s 
25 «ffiJ8^fflD30»ft©flla)aaB:V R =O VtUTV L 2iE©ltlCia3£ 
U DtfIEeDiSS«V L =0 Vt U T V R £ IE £> fi !C IS 5£ 

39 



WO 2004/041710 



PCT/JP2003/O14125 



T<Dt£tilfllQ- H8iWS1~WS32SLlC^[5£U, ^TCDoJSl^? 
5 A A 32,jt*£ til E t: y h fit B Sj L , BSj R , BSjptcD&iSS 
O F F1-§ 4 4) c C<Dt^(Dgt!lgitii§M 3 3©ttS 

<&IE§[M 3 4^^T^-t2^/ hf!ZO(D)(i:UTIBli-r§ 

10 gfUTl^So &35\ CKD^y^l 44, 1 45£D»i=1fl) 

hS§BSj L , B Sj' R n BSj P IC}giM3 C^y^M 4 6) „ CcD£ 
ScDgto&tBSM 33<DtB£)£x ^IEa5 1.3 4 7j^IEi^^CD^feZ• 
15 (D)t UTlSlfr^ C^y^M 47) o ^iEgB 1 34I3\ MIEiti 
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